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immM 1 ] 

^miti)m (MiilEWm . (M+1) . (M- 1) tc-© 19 #x. nrtg-etulB«i±tlJ»|§ 
'fitLmTO'dK 2 (K2(±iE^m. K2<Kl) =^||#-r-2,^ 2 OL#T^^ A I^- ^ 

^ o ^ _ _ -7 n —ft M c in#ti t ^ # X . 

Htrfa'fitKl, K2«:. K 1 -K 2 =K^M/iL. jO-o-HK (KfijEftifc) J: :'ci^ >&'(ft 

;^'fs^^^~:Rfitot ^trtfitenr^^jiifi(7?^Mj:k^ (m- i) tci^^t. ^atcioxtuia 

mi^m P L L > -tr-y-'f +Fo 
[if 2 ] 

i9. ^2 0L'ttT^^A {JK 2 (K 2 iilE^^) ^— :^<7)A;(: a: 

-r^H2 (T^Liun^if Hufs^2<7)L'(iii)D^:^omij*t&ia^ri>ft-^^> L< (i. ttrtanr 

[fi*:^ 3 ] 

V i^-^a^m^J^ P L L ~> > Hf o 
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[0 0 0 1 ] 
[0 0 0 2] 

mmm (t c x o) 7 <7)*£i^t-^ f r e f t . ms.mmm&^ (v c o) 1 (^ta^^j 

f o ^ nT'^^ii^ 2 A i 1) ^jtl L/c^t^ f d i V t c7){i;j:@M^f5:ffiibKtl ( P D) 

^-v^js-yyuij^ (CP) 4tr^^tt-2,o 

[0 0 0 3 ] 

^ L < {±/^-f -r (Hi-Z) <D'^m<D\^^-fli:^^ t^j: :h ^ ^ - 'J^°> y°mtim 

4 5 -e^vt^b^fe J: t>'mJE^m ^ tL-C. mJitW^M^ 1 COM® SJ± 1 3fe ^ o 

[0 0 0 4] 

mJ±M»l&®ff 1 C0tti;ti#-^ f o ^^^jgl^ 2 A J: (} $ ibgcif-^ f d i 
f ofi. •5r^^9^Mlf^2 AOr9-^Jt=l:M+(K/L). »i»>ft-^ f r e f OJS«^ f r e f 
[0 0 0 5] 

f o = M+CK/L) X f r e f ( 1 ) 

M, K, L : lEmmk M : ^mtP^MJt K/L : A^Wi^U6^mit 

i)-hM.+ i\,zm\i^^z,m^-^xts-t^^mimmt^=^-h^:^L. ^miti^m. (m+i 

M^:L. ^9'J^ittJ#^^t::^Sjt-Kl#«^>6^'Atl$tL7^:^ § tro^^MIJt=^ (M+ 1 ) t 
■r^^ t ^Zio-C. ^*tJfi<J^53^jiJfcM+ (K/L) =^mai-'2> ^)(^l?*So 
[0 0 0 6 ] 

CCD <£ ^ ^^jgljtO^^bfi. x;^^~>^'-7f|5^«^t-'£. Lfgr^^A l--^ 1 Itr^m 

Lfzt^Kco^^mit'k (M+1) t ioT. TOfi^^:9-MIJtM+ (K/L) 

[0 0 0 7] 

^^coT\ K^i 5^-yj(Dxijtir^Limm^i 2 2(Dmt}'S:&mm 

f r e f L. ^nm^ L{tt*n»§? 1 2 K^I^CDXti t LX^^^hT- ^yv^\ 

3 t;6>fj^^o CcT^L-lftT^^A V-iJ' 1 1 i±, ^fi'ft-^f r e f L V> n J: 

[0 0 0 8] 

/'L= l/8<^:*'^^ci3^t^^ ^^'fi-^f reft, m^^l 2 AtJ $ tL-l. K-fit 1 5 h 
. -r*- ^ ^ -5^ 1 2<7)ai:^ji 4 in^#l 2<Dm*l O -^-^^-yu-m^^ 
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[0 0 0 9] 

^i^^t LX^mU(0^mit^n^1r:ho mmm^ t r e i(Dl mm= 1/ i r e i 

(Dmm6^(DJ^(D{lXL)^i. (K/L)t'i£5iLT#x.;|, i iiyi^'-e^. K=1.2,3-^; 
[0 0 10] 

^fz-m'^\'^ -rvv^ vi^vim^^^^aMKilLf^ "MASH" =t?l^^i-S»i; J; ^) . 

[#l1^5;m 1 ] #Pf1 2000-052044 -^^fli 
[#I1^^M 2 ] 5-500894 -^<2r$| 

[##lt5:Kl] m^'ltM'g^^M^^I^C- 1 V0I.J7 6-C-l NOl 1 pp. 4 4 5- 

452 i993^iiH 5fm/^mi^^m^^fzm'Mnmmwyy^^-i^ 

Wm^-Xn.2 \ IEEE JOURNAL OF SOLID-STATE CIRCUITS. VOL. 24, NO. 4, AUGUST1989 
pp.696 "A 17-bit Oversampling D-to-A Conversion Technology Using Multistage 
Noise Shaping" 

\mh L i d 1 1- * Rs] 

[0011] 

L:a^L. ±M^^W^(Om'^X\t^ Ttc^L/c (a) . (b) . (c) if^t^WMht^ 

^ > mmmm^^ i c^m^fj^t-^ foi^?. Af = frefx (k/d upL/^M^Sifc 

[0012] 

(a) :^-/^~--7n-#-f-9 OHMtt 

(b) L^T^.3-Av-^i 1 (7)jsiMS<jiiif^y -fXo^^-y5i>°^-7'iaj^4#-\o» 

(c) (K/L) 1/'2°(7)J#'^ 

(a) (cov^TJi. LlftT^^AV-^i l^^m^mmir:h^tX\ mmmizMMii 
[0 0 13] 

L L . ( b ) ^^m. m x^^-r t^cov%. Af $ v> (mj±tij»^*it? 1 

^ i i: O t? § ^ \^^j&m^:^ :/ 'J T ;^ t:: o T fim^e^J^^/J^M:^^ <3 7^ „ 
[0014] 

[0 0 15] 

V T ^ . Wiz t^jfc ;v - 7° -7 ^ ;v p^^i" ;s ^ t ^^^^^ § ^ o fzj&m ^ 7° r x =^ +^ 

[ii®=lr^^^i-^ f^i6(7)#^] 
[0016] 

:^mM<^rji^ 9 v- ^*-7ga^i5:^jii ? l l v y^^-{^\±^ nwMm^m.^ ( 1 ) i: . ^ 

(Mf±IE«) . (M+1) . (M-1) ic-^ i9 #x.^t|-emi±M«Mtl (1 
) <^ffltJ«^f o ^^jg1--2>nr^^j§|^ (2) RT^^itltl (2) <7)m:^J«-i- f d i V 
i:**>fH-^f r e f omBibS^^^dfiffiitf^l^ (4) fc. fSmScIf (4) om*#-^ 
*¥^LTSJEM«M^ (1) F/s'>>i^i-S;i/-:/7^;Vi5' (5) i:> >(fiLJ^ 
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) {[|LmTOffiK2 (K2!±IEM, K2<K1) ^ mM-T 2 (D Lj^T ^ ^ A U 
(30) ^lOLftT^J-A^-^ (3 1) <D^~^^-yXJ-i-g^^^hm2(DL 
filT^^AV-^ (3 0) 0^-/s--:7n-«-^^?;^i:^ijn#^ (2 9) t^|ix.TV^^ 

o 

I 0 0 1 7] 

-^LT. icor-VV^ ->i^'vill^i5:^jDP L L v>^:r-9--r^f {i. filK 1 , K 2 Kl- 
K2^K^mtzL. >e>>o-(itK (K{iiE«) i I') ^{ItciS^L. Mtl (2 9) <7){±1 

:tj'fs^^nr^^js# (2) i<z^mitwmm-^tLx-^^:h^tizxi). um^ {29) (d 
mt}im^:^'^mm<D t ^ ^znj^^^m^ (2) (D^mit^uizm^L. (29) om* 

^W^^JIEfit^T) t § pT^^Mtl (2) cO^^-jglJrb^ (M+1) m^^L, *n#lf (2 9) (D 
mtlim^:^^^Mm<7) t ^ ^Z-^m'j^m^ (2) CO^jUJrt^ (M- 1) tC^^L. ^^XtCic^T 
nr^^jg^ (2) <7)TOfiU^^jgJ:b^M+ (K/L) tC-f^o 
lO 0 1 8] 

^ KT^LftT^^i. V-^ (3 1) {±. M^tfltKl (K 1 filEM) ^— 

(DX:>jt'r^mioLmm^ (22) ^1 (75Lj«n»i^ (22) <Dm^^mmm^ 
f r e f. L < tinr^^jufi (2) om^j^ff-^-ej^^ L. uwm'^m 1 (DL^mM^^ ( 

2 2) t''ffe:^cOA^]t LT-^x^sm cOT'-^J^^-y^ (2 4) b^^h^j:^. ^20LlftT 
dr:xAl/-i$^ (3 0) {±. f!lx.{fffiK2 (K2(iIEM) ^-^^OAtl ^ 2 (?) L# 

i)n»ff (23) i . m2 (DLimm^ (23) c7)tB:^J f r e f . ^ L < liW^ 

(2) com^tlft^-ef^^L. i*^t«^^2C0L{lSn»fl (2 3 iCjtfe^cOA^t LT 
-§^x.;2>^2cOT^-^^yf- (2 5) ty!)^h^^o 
[0 0 19] 

IB (b) ^^^ilH-e#l^i-^;^yu t;^co^ Tfc,, ;v_37°^^;v^ (5) ^ t<D 

T^iJ^v^-Kj^r^^-ZV T>?.M«t LT. ^im-e^L-rv^/^L-flT^^A k-ij' (i 
1) ^> HI tc^-f J; ^ 2^T'«^L, WM<^:9-i5::S-JgIitT'-iJ'K'(l (15) izML 

Kfit (15) - K (18) - K 2 ft (19) ( 2 ) 

^mtz-rxv^^K im. as) . K2m (19) (^tdE^mfi) ^^icoLfir^^A 

U-^ (3 1) :S:r^^^2 cOLlitT^^A U--^ (3 0) ^XtJ-f^o K-fit (1 5 

) =1 ^m^Lfz^^m. (2) ^^pfci-i^JfcK Iffi (1 8) =5. K'(it2 (l 9) = 

[0 0 2 0] 

itLlzj; 19, ^1 OLHT^^Alx-^ 1 (3 1 ) 22:0^^*2 CDL^flT^^^ V-iJ' 2 ( 
30) coS&'f^y ^X{±, ^^f^«iCi3tt^ A f - f r e f X (l/L) t f^^jg^fe;^ 

yur;^:^-'^. Afl = frefX (5/L) :^(:FA f2=frefX (4/L) tV>o 
/c,l,V>jil?^i5c^^-\#=fTl-;& ^ t';fe^o ^(7)7t:i6. LffiT^ j-A 1/-^ (31, 30) 

[0 0 2 1 I 
[0 0 2 2] 

*ijn»^-ct 19. tjn^=^ottiU>»#T'. ^g^jgiJi^M, M+ 1 . M- 1 i^zwm^m^j:'^^^ 
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[0 0 2 3] 

[0 0 2 4 1 

(mmmm i ) 

[0 0 2 5] 

^ CO -r ;v ^ V ^'--vs^fi^j^ p L L > -fe Hj- ^ -r {± . mi tc^i- x^{z^ ummm^m 
^ (Tcxo) 7 75-fbo^ii'fg^f reft, m&mmmm (vco) i^ta^ft-^f 
o ^^m^m^ 2izxi) ^mLfzm^ f d i v t o^^ffiM^fsffiib^ti ( p d) 3 xi^m 

(CP) 4ic^^tL^o 

[0 0 2 6] 

'^L<ii^^^ 4>}^~v>>^ (Hi-z) (D^^m(D\,^irfiy;)-ttj:^^^'-i^7i?>^mtim. 
[002 7] 

1 (Dmtim^ f o {±. -BT'^^s-Mfi 2 i !9 ®« f o i)^5^m $ tt. itm 

im-^ f d i V t L rteffilk^f^ 3 -7 ^ - K/-? ^ $ o L 7t TBjE^W^^^ 1 
<7)tB:tJ'fs-f- f 0 i±. "er^^jSt^2 c75^jfit:*M+(K/L). ^r^'fi-i- f r e f <75^^fei^^ 
f r e f ti-tLjfJ^jlTcT) J; 9 \Z^^fLZ,o 
[0 0 2 8] 

f o = M+CK/L) X f r e f (3) 

M, K, L : lESM M : mkm^^Mit k/l : A-^W.^M5^Mit 

^M+i i>\^<iiM-iKm\:^^i>m^^x-^-t^5^m&,mmt^=^t^^i.^ ^mit-h^ 

M. (M+1). (M- 1) tC©l9#x.nrtg>&«^t^oTV>;|.o nr^^iS 

^ic^j^JrC^ (M+1) tL. :PJi<^«-^7j)^~A;(J$^X/tt i ic^JUjrb^ (M- 
J:t:M+ (K/L) ^^^-r^ ^o-e^^o 

[0 0 2 9] 

3 9XmM-t^^}ii:i^X^Z>o t-=&^t>. LfiT^-3.A V-iJ' 3 1 

ffiLmT (LfiiE^gS:) OffiKl (Kl{iiE«) ^M»L. L'fitT A ^ 3 0 
. #Liy>TcO<itK2 (K2(±IE«lfc. K2<K1) ^^^f-So -f-LT. iJI]#f|2 9{±. 
L'filT^^AV-^S I (D^-^^-yu-m^ 1 6 L^T^^A V-^ 3 0 <D^-^a* 

[0 0 3 0] 

-e-LT. >fitKl, K2=|-. K 1 -K2 =K^p/cL. ^^-o-fitK (KtiiE^iS:) cti^^'ci 
'^'fgt^i^^i-^o tfz. 1im^2 9(Dmtim^X^^^-^^'-yu-it^9^^Mitm^ 
tm^KXtl-r^^tKXri, 9 <Dir-/'^-yu~m^9:^WiU<7)t^izar^^m 

^2 <D^mit^:MI/Zm.^Ls M^2 9 <D:t -z-^- y U -j^-^ 9 i}^^lEiU(D t ^ K'aSm^m 

m2<D^mit^ (M+1) iiz^^L. Mn^2 9<D^~^^-yu~i^^9^mm<Dt^K 
'^m6^m^2 (D^mit^ (m-d tct^^u. ttLi,zxox^^^m^2<D^nim^j:^m 
it^M+ (K/L) tc-r^o 
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[0 0 3 1 ] 

2 2 om:tJ 2 6 ^^It'fH-i- f r e f . ^ L < {±-5T'^^jg||2 c7)m:tj#^-cj*^ L. 
(y^-iJ'^yf^m;??) 2 0*L'fitSn##2 2 Km3(r>Xti}i\^X^-^^r- ^ ^ V ^ 2 4 
i)6^^>fc^o ^<7)L{fiT^^A V-iJ' 3 1 (4, ^i^-e-^f r e f Lv^ ^ n J; ^) 

K lit 1 8 rom;^}fit 2 6 ;6^'±ilint-'&o 

[0 0 3 2] 

L^T^^AV-^ 3 Oti. -tieL-fitT^^A V-i5^ 3 1 t |WIifttC^#fit;^s^ L i ^ 
i-t-S L{itM^2 3 LftM^2 3 (7)tB;tl2 7 ^»«^f r e f . % L < t± nj^ 

^jgi:g^2(^mt;fe-^^-«^f L, ^nm. {r-^^ y^mtj) 2 1 ^Lmm^2 3 ^zmyj 

(DXtit bT-^x.-Sr'-^ 7 y^2 5 t'A^h^j:&o icOLfilT^^A 1^-^ 3 0 54. 
fe-^f re f t;^Lv^^n-7i^tCj; i9 K2'(il 9-r-^ait(ffi2 7 ^^^iftjal--!) o 
[0 0 3 3 ] 

Wtf2 8{4. L{fiMlf2 2 . 2 3 <7)ffi^^l)n*LTtB;^ 1 0 ^H^t-^o 

1 0(4. vi^'viy^ii^j^p L L v>-t^t-f ^ffiv^Tift^T";^^ viJ'-'-^iy^^ 
60-et4^v^o 

[0 0 3 4] 

m±OJ;d^'r-;Vi$^v^'*-7fPX 10«^t::J;oT. Lflj]n»f?2 2 <D^i)^^ y u 

~ Lfz t ^ l,z^mii:i}m+ 1 i:^!9. L 'fittJU^f^ 2 3 <^<J5^/6^^:^--/N^--7n- Lf^t § trirS- 
JSibTj^^M- l t ^ (9 . L'fiM|f2 2, 2 3 <7)M:^^>':t-^^'--7n-L/ii: ^;2)VM4 
^ LlitJn*^2 2, 2 3(Dmijti>:^~/^~yu~-Ltj:\,^t^K.^mit:^mi<Z^fztL^ 

o 

[0 0 3 5] 

iy.T> 1112 *#HSL^^^~i?5. 7";Vi5''>i5^-^SBX 1 trover, $ ^ trf^L < mHJi-^o HI 

2 l'(4. ^jg|Jt=K/L= 1/8. Kl = 5. K2 = 4 0:^^tii3^t^. &mm^ ire 
ft> KlitlSt. 7"^-^9 ■;^-f-2 4 (7)iil:^J2 0 L miJUM^ 2 2 (D iHtl 2 6 t ^ ^ 

-7 n I6i. K2fil9i:. 7^-^9u'^25c7)tB^2 1^:. L{ill)n«:|^ 2 

3comtJ2 7 :t-/-?--7n-M-i-l 7 tn»^2 SOffi:^! 1 0 fc. ^~^^~yu~ 

[0 0 3 6] 

L'fgT^^A l^-iS' 3 1 i4. ^m^jSibT^^-^ K liUl 8 tr~^ 9 2 4 OiHtl 2 

otf)^xyj^fi. t~^^-yu~m-^i 6^m-fy-r^Lmi]m^2 2 Ltein«:if2 2 

<Dmt}2 6 ^iftm^a-tf r e f t ^^^A^J $ r'- ^ 9 '7 ^ 2 4iZXm^^fL^o tfz^ 
hiUr^^AV-'^ 3 0 54. 5^Wi^mitr~'^K2m.l 9 tr-i' y y^2 5(Dmtl2 1 
t:A^Xtl^i^. ^-^^~yu~m^l 7 ^liitl1r^Lmm^2 3 L ft Jn»lf 2 3 O 
m*2 7 t&mm^i r e f t>&^'A^}$tL^7--^^v/^2 5 ^C-C«$tt^o 
[0 0 3 7] 

J]n»^2 8{4. LMM^2 2C0ffi*2 6 75^P.Lmff^2 3 0ai:^2 7 ^«#L. jJD 
»m^7l O^tBtJL. Un»:t|2 9 54. L«n»#2 2 (Z):t-^s-7n-{t^l 6y!)-hLm 
mn^2 3 <;5:t-^-<'-7n-{H^i 7 *M«:L. ^ 7 o -^ff^ 9 ^ tB^-t -Bo 
[0 0 3 8] 

^^TM«^t^*Illj6&-ef4. fref = 200kHz. L = 8-C\ Kft ( 1 5 ) =1^^^ 

Af = 200kHzX (l/'8)=25kHz 
oii9. mJEtU^^mm (7)tB:tj>»^f o J: 2 5 k H z Lfcjg«tc;:^ T;=^ 

[0 0 3 9] 
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im (18) = 5. K2fi (19) = 4 i:f5:^-r^o >:i ^ t:\ K llfi ( 1 8 ) :®:D^^K2jt 
(19) tu^Eco (2) ^^mtzL. ^jfit (fiK J; (9:^1: < . {tL 

&.T(DiU) izm^ir^^t-(:\ T^si.Aly~^ 1 {3 1) RZ/T ^ ^ A U - ^ 2 (3 0) 

c5 Ji»9 mm^ y ^ xi&f^ / x^sw h ct ^ ■/ v r j^^(Dmmmn a f f±3fc^f w 

o 

[ 0 0 4 0] 

Klfll (18) = 5. K2'(l (19) = 4 -ecOLfllT^^ A V-iJ' 3 imfl^'^r ^ ^ 

Afl = 200kHzX (5/8)=125kHz 
Af2 = 200kHzX (4/8)=100kHz 

[0 0 4 1 ] 

(mmmm 2 ) 

[0 0 4 2] 

mi i'7i^Lfzi>'7) (f^^xi-e^-r) i:|wiC«^o^i cot-';^^ v^'-^tPX urinx.-c. 

1 tCTpL/t ^>co (ff-^x 1 i?^-f-) t|^c#j5go^2 0T^^;v^ v^*T§i5X2 ^ 

•7fi5x 1 o^3n»m^ 1 o-e^^So Dn»m;U i ots^^sb^^s 1 1?. ^toj; ^ 
m^tirm2<D'r}v^i^^'-rm>x2^xti^tL^o 

[0 0 4 3] 

^S-SB^S Ifi. Ja^m^jl 0 =^K3'(jttK41ftt tc^SB-t^o :9'IB<^tt^{i. ^Jfe<^5^ 
^1 ^iTOicL-C. 

"K3" - "K4" = "Jn^ffi^tllO" 
^^o, "K4" < "K3" ^pfcL. "K3" , "K4" t ^ ir. "immtl 1 0" 

[0 0 4 4] 

^ 2 (7) 7";V ^ V X 2 CO m:(j -C-^ :t - ^t- y u - jf^ 5 4 l±W^^ 5 2 $ 

titi^k. l]n»^5 3 -eT'^;ViJ^ v^^-7f|5X 1 <7)m^J-t?ab'&^-^^~--7n->ft^9 hJa^^tL 

. iJo«if 5 3(Dmtim^:^^^'^m^m^2BK^mi:mmm^t Lx^z.hti&o 

[0 0 4 5] 

vi>''v§|5X 1 , X2CO:t~^'^-ya~in-^-9 , 5 4 {±. ia2tC^L/iJ; 

7 f!lx.{f-0, +1, -1, +1, O-t^itL. Cfi^m^-^^ oSl9il|^L 

fz2^(Dm<Dm^ t^h -1, -2, +2, - 1 •••fc>&;i>o :^-^^~yu~m^9 

mii+3 tfj:V. */Hg{±-3t^^o Lfzi)^-oX. ^^^jiI|f2B{±. Jn»:g^5 3y&^^ 
A;tJ$^^^^]^»IS:^iC^SC■C. ^mit'tM+ 3. M+2. M+1. M. M-1, M-2. 
M- 3 (D\^^irfL-^^ZW^W-^^^ tK^^o 
[0 0 4 6] 
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[0 0 4 7] 
[0 0 4 8 1 

o 

[|lIM(7)W>fcMHJl 
[0 0 4 9] 

[El 1 ] ^^m<Dmm<Djfm i <^-r;v^ vi^-^M^^^jip l l v^-b-y-^f-ifo^^ 

[112] ^^BJc0^^i<7)5]^iU Ki^nhr^^J^V~'^-RXfnS^^M^^mit(Dm^ 
[m 3 ] 7";v ^ V ^"^a^m^j^l P L L V > -b-y- ^ ^'<7)^tffi^tT<^«^=^^i-^n y 





[0 0 5 0 ] 
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